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SYSTEM AND METHOD FOR INTEGRATED
CONTROLLER

PRIORITY

This application claims the benefit of priority to U.S.
Provisional Application Ser. No. 61/948,332, filed Mar. 5,
2014, and entitled “SYSTEM AND METHOD FOR INTE-
GRATED CONTROLLER.” The entirety of the aforemen-
tioned application is incorporated herein by reference.

TECHNICAL FIELD

In general, the present invention relates to a system that
cuts or marks a workpiece. More particularly, the present
invention relates to an integrated control architecture for
motion control and process control.

BACKGROUND OF THE INVENTION

Systems can be used to cut or mark a workpiece that has
a thickness and is composed of a type of material such as
steel, metal, aluminum, among others. Generally, a cutting
operation is cutting completely through the workpiece and a
marking operation is marking a surface of the workpiece.
Such systems can include, laser cutting systems, waterjet
cutting systems, automated cutting systems, plasma cutting
systems, among others.

Laser cutting systems use a laser to cut materials. A laser
cutting system directing a high-power laser at the workpiece
to be cut or marked. The workpiece can be either melted,
burned, or vaporized away, and is blown away by a jet of
gas, leaving a high-quality surface and clean edge. For
instance, laser cutting systems can be used to cut or mark
flat-sheet material as well as structural and piping materials.

Waterject cutting systems uses high-pressure jet of water,
or a mixture of water and an abrasive substance to cut or
mark a workpiece. Waterjet cutting systems can cut or mark
materials such as metal or granite (using a mixture of water
and an abrasive substance) and rubber or wood (using water
without an abrasive substance).

Plasma cutting tools used to cut or otherwise operate on
a workpiece typically comprise a gas nozzle with an elec-
trode therein. Generally, plasma tools direct gas through a
nozzle toward the workpiece, with some or all the gas
ionized in a plasma arc between the electrode and the
workpiece. The arc is used to cut, mark or otherwise operate
on the workpiece.

In most tools, a pilot arc is first established between the
electrode and the nozzle. Then, the pilot arc is transferred
from the nozzle to the workpiece for cutting and/or other
operations. For example, some tools use contact-based start-
ing, with the electrode and nozzle initially in contact with
one another. While current is passing through the electrode
and nozzle, the electrode and nozzle are moved apart to
create a gap. A spark across the gap initiates the pilot arc in
a successful starting operation. While others use high volt-
age (either high frequency AC or a DC pulse) to break down
the gap where the electrode and nozzle are fixed with respect
to one another.

Cutting and/or marking systems are automated or semi-
automated and what is needed is an improved technique to
improve cycle times, quality (cut face surface finish and
bevel), and accuracy of the cutting or marking operation.

SUMMARY OF THE INVENTION

In accordance with an embodiment of the present inven-
tion, a system for cutting or marking a workpiece that
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includes a workpiece, a gantry, a table that supports the
workpiece, a power supply, and an implement that performs
an operation, wherein the operation is at least one of a
cutting of the workpiece or a marking of the workpiece. The
system can further include an input component that is
configured to receive a user input associated with a param-
eter to perform the operation. The system further includes a
controller that is configured to provide the following: a
height control for the implement that manages a motion
toward the workpiece or away from the workpiece; a con-
sumable control for the operation; a power control to the
power supply for the operation; a motion control for the
implement that manages a motion about the workpiece; and
a process control for the operation.

In accordance with an embodiment of the present inven-
tion, a system for cutting or marking a workpiece is provided
that includes at least the following: a workpiece; a gantry; a
torch; a table that supports the workpiece; an input compo-
nent that is configured to receive a user input associated with
a parameter to perform the plasma cutting or marking
operation, wherein the parameter is at least one of a desired
shape profile for the workpiece, a thickness of the work-
piece, a material type of the workpiece, or a cutting velocity;
a housing that includes a controller; the controller generates
a first set of machine readable instructions that control an x
axis motion of the torch with a position component; the
controller generates a second set of machine readable
instructions that control a y axis motion of the torch with the
position component; the controller generates a third set of
machine readable instructions that control a z axis motion of
the torch with the position component; the controller gen-
erates a fourth set of machine readable instructions that
control a gas flow from a gas supply of the plasma cutting
or marking operation, wherein the gas control includes
management of a gas valve assembly or assemblies for
management of a sequence of distribution of the shield gas
and the plasma gas and venting of the plasma gas; and the
controller communicates at least one of the first set of
machine readable instructions, the second set of machine
readable instructions, the third set of machine readable
instructions, or the fourth set of machine readable instruc-
tions to perform the plasma cutting or marking operation
with the torch based on the parameter.

In accordance with an embodiment of the present inven-
tion, a system that performs a plasma cutting or marking
operation on a workpiece includes a workpiece, a gantry, a
torch, a table that supports the workpiece, means for receiv-
ing a user input associated with a parameter to perform the
plasma cutting or marking operation, wherein the parameter
is at least one of a desired shape profile for the workpiece,
a thickness of the workpiece, a material type of the work-
piece, or a cutting velocity, and a housing that includes a
controller. The controller can generate a first set of machine
readable instructions that control an x axis motion of the
torch with a position component, a second set of machine
readable instructions that control a y axis motion of the torch
with the position component, a third set of machine readable
instructions that control a z axis motion of the torch with the
position component, and a fourth set of machine readable
instructions that control a gas flow from a gas supply of the
plasma cutting or marking operation, wherein the gas con-
trol includes management of a gas valve assembly or assem-
blies for management of a sequence of distribution of the
shield gas and the plasma gas and venting of the plasma gas.
The system can further include means for communicating at
least one of the first set of machine readable instructions, the
second set of machine readable instructions, the third set of
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machine readable instructions, or the fourth set of machine
readable instructions to perform the plasma cutting or mark-
ing operation with the torch based on the parameter.

These and other objects of this invention will be evident
when viewed in light of the drawings, detailed description
and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may take physical form in certain parts and
arrangements of parts, a preferred embodiment of which will
be described in detail in the specification and illustrated in
the accompanying drawings which form a part hereof, and
wherein:

FIG. 1 illustrates a perspective view of a cutting system;

FIG. 2 illustrates a perspective view of a plasma cutting
or marking operation being performed by a computer
numeric control cutting system;

FIG. 3 illustrates a perspective view of cutting or marking
table that can be used with a computer numeric control
cutting system illustrated in FIG. 1;

FIG. 4 illustrates a cutting system with integrated con-
troller as embodied by the invention;

FIG. 5 illustrates an integrated controller for a cutting or
marking system;

FIG. 6 is a flow diagram of utilizing an integrated
controller to perform the cutting or marking operation;

FIG. 7 is a diagram illustrating communications with a
conventional shape cutting system;

FIG. 8 illustrates a conventional cutting system architec-
ture;

FIG. 9 illustrates a cutting system in accordance with the
subject innovation;

FIG. 10 illustrates a system that generates machine read-
able instructions from controller to perform a cutting opera-
tion with a cutting system; and

FIG. 11 is a flow diagram of generating machine readable
instructions to perform a cutting or marking operation.

DETAILED DESCRIPTION OF THE
INVENTION

Embodiments of the invention relate to methods and
systems that relate to integrating cutting or marking opera-
tion parameters and motion parameters. A controller is
provided that manages both process related control, power
control, and motion related controls rather than having
separate controllers with respective connectivity. Conven-
tional techniques use serial communications between pro-
cess related controllers and motion related controllers which
translate into communication delays, process delays, and/or
increased cycle times in desired workpiece fabrication.
Moreover, conventional techniques use a welder component
with multiple controllers for each aspect (e.g., motion in
each direction, power, ignition control, plasma control, gas
control, etc.) of the cutting or marking process. Thus,
conventional techniques often include complex data com-
munications between the multiple controllers in order to
perform a cutting or marking process, and in particular, a
plasma cutting or marking process. An integrated controller
is provided to integrate process related control, power con-
trol, and motion related control to directly control a cutting
or marking operation with improved dynamics while mini-
mizing connectivity and data communications. The inte-
grated control described herein provides an increase in
response time in regards to feedback control as well as
increasing quality for cutting or marking operations.
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“Cut,” “cutting,” “mark,” or “marking” as used herein
including any other formatives of these words will refer to
cutting completely through a workpiece or surface marking
a workpiece which can include, but is not limited to includ-
ing, plasma cutting, plasma marking, laser cutting, laser
marking, waterjet cutting, waterjet marking, routing, mill-
ing, grinding, or any implement that can cut or mark a
workpiece. Further, the control systems and methodologies
discussed herein are equally applicable to, and can be
utilized in, systems and methods related to arc welding, laser
welding, brazing, soldering, plasma cutting, waterjet cutting,
laser cutting, and any other systems or methods using similar
control methodology, without departing from the spirit of
scope of the above discussed inventions. The embodiments
and discussions herein can be readily incorporated into any
of these systems and methodologies by those skilled in the
art.

A portion of “scrap” as used herein is a remaining
unwanted portion of a workpiece after a cutting or marking
operation is performed. In particular, a cutting operation
performs a separation of a portion of the workpiece that
creates a scrap edge and a scrap edge in comparison to the
desired workpiece that includes a scrap edge and a non-scrap
edge.

A “desired workpiece” as used herein is a remaining
portion of a workpiece after a cutting or marking operation
is performed. In particular, a cutting operation performs a
separation of a portion of the workpiece that creates a scrap
edge and a non-scrap edge, wherein the non-scrap edge is an
edge of the desired workpiece. In an embodiment, a desired
workpiece can be cut having a start time and an end time
during the cutting operation, wherein the cutting operation
between the start time and the end time includes a cutting
velocity and one or more geometric coordinates (e.g., X axis,
y axis, and/or z axis). During the cutting operation to create
the desired workpiece, a non-scrap edge on the workpiece is
created by the cutting operation. It follows that a scrap edge
is also created during the cutting operation but is on a
portion of scrap. At the start of the cutting operation, a lead
in is used. At the end of the cutting operation, a lead out is
used.

A “feedback” as used herein is data (e.g., a signal, a
portion of data, a packet of data, an analog signal, a digital
signal, and the like) that is representative of a state or
parameter related to the cutting operation or a component
that is used to perform the cutting operation or with per-
forming the cutting operation (e.g., a position component, a
gas control, a power source, an arc start component, a
camera, an image device, a movement sensor, an audio
sensor, a light sensor, a voltage sensor, a current sensor, a
temperature sensor, a gas flow sensor, a pressure sensor, and
the like).

A “lead in” as used herein is an additional distance (and
an amount of time) to allow the implement to accelerate up
to a cutting velocity before performing the cutting operation
on the workpiece to achieve the desired workpiece. The lead
in further allows for initiation of the arc and piercing of the
plate away from the usable part edge so as not to distort. In
an embodiment, the lead in is performed on a portion of
scrap before a location of where the desired workpiece is to
start.

A “lead out” as used herein is an additional distance (and
an amount of time) to allow the implement to decelerate
from the cutting velocity after performing the cutting opera-
tion on the workpiece to achieve the desired workpiece. The
lead out further allows for termination of the arc away from
the usable part edge so as not to distort. In an embodiment,

2 <
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the lead out is performed on a portion of scrap after a
location of where the desired workpiece is to end.

As used herein, “x axis” is defined as an axis that
coincides with a longitudinal axis of a cutting table that
supports a workpiece. As used herein, “y axis” is defined as
an axis that coincides with a latitudinal axis of a cutting table
that supports a workpiece. As used herein, “z axis™ is defined
as an axis that coincides with a distance (e.g., a height) of a
torch from the workpiece and/or cutting table.

The best mode for carrying out the invention will now be
described for the purposes of illustrating the best mode
known to the applicant at the time of the filing of this patent
application. The examples and figures are illustrative only
and not meant to limit the invention, which is measured by
the scope and spirit of the claims. Referring now to the
drawings, wherein the showings are for the purpose of
illustrating an exemplary embodiment of the invention only
and not for the purpose of limiting same, FIGS. 1-3 illustrate
cutting systems that is used with an automated or semi-
automated systems to cut or mark a workpiece. It is to be
appreciated that the subject innovation can be used with any
cutting system that cuts through a workpiece or marks a
surface of the workpiece. Moreover, the subject innovation
can be used with any system that allows motion for an
implement utilizing geometric coordinates to control a
movement in 2D (e.g., x and y axis) or 3D (%, y, and z axis)
space, wherein the implement performs the cutting operation
or marking operation. The term “cutting operation” as used
herein can be defined as cutting through a workpiece or
marking a surface of the workpiece.

FIG. 1 illustrates one example of a cutting system 100 that
performs a plasma cutting or marking operation. It is to be
appreciated that the subject innovation can be utilized with
any suitable cutting or marking system that performs a
cutting, a marking, a routing, and the like and plasma cutting
is solely used for example. Other plasma arc torch systems
of different configurations may be used with the present
invention as well. For example, one of ordinary skill in the
art can add or remove particular components in the system
100 while still performing a cutting or marking operation
with a plasma operation and such variations of the system
100 are intended to be included within the scope of the
subject innovation.

The system 100 can include a welder component 102 and
respective controller for the plasma process, an automatic
gas control component 104 and respective controller, an
impulse start component and respective controller, an input
component 110, a manual gas control component and a
respective controller, a position component that provides
motion in a first direction and a respective controller, a
position component that provides motion in a second direc-
tion and a respective controller, a position component that
provides motion in a third direction and a respective con-
troller, a gas manifold assembly and respective controller,
among others.

As shown, system 100 includes a welder component 102
used with a connected torch 114. The welder component 102
can include a housing that includes various components for
controlling a plasma arc, such as a power supply, a plasma
starting circuit, air regulators, input and output electrical and
gas connectors, controllers, etc. . . . Torch 114 includes
within it electrical or mechanical connectors to utilize an
electrode and a nozzle. Separate electrical pathways may be
provided for a pilot arc and a working arc, with switching
elements provided within the welder component 102 and/or
a separate component (not shown). A gas conduit is also
present within torch 114 to transfer the gas that becomes the
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plasma arc to the torch tip. The system 100 can include one
or more input components (also referred to as Human
Machine Interfaces (HMIs) 110 and 112 that can be config-
ured to at least receive a user input and/or communicate data
between user 106 and system 100. The system 100 illustrates
input component 110 and input component 112, wherein
input component 110 can be utilized to communicate data
between user 106 and one or more components of the system
100 and input component 112 can be utilized to communi-
cate data between user 106 and one or more components of
the system 100. FIG. 1 illustrates input component 110 and
input component 112 but it is to be appreciated that any
suitable number of input components can be used with
system 100. The location of each input component 110 and
input component 112 is illustrated solely for example and
the physical location is not to be limiting on the subject
innovation. In an embodiment, input component 110 and/or
the input component 112 may be provided on the welder
component 102 (as the input component 110 is illustrated),
on a separate pedestal proximate to the welder component
102 (as the input component 112 is illustrated), on another
component of the system 100, or any other location that
allows a user 106 to interact therewith. The input component
110 and/or the input component 112 can further include
various electrical and gas connectors in order to communi-
cate data with the system 100 or a component of the system
100. For instance, input component 110 and/or the input
component 112 can be, but is not limited to, a touchscreen,
one or more buttons, one or more switches, one or more
touch screens, a microphone or device to receive one or
more voice commands, microphone for audio input, one or
more cameras for gesture control input or movement input,
a joystick, a smartphone, a tablet, a computer, a monitor, a
keyboard, among others.

It should be understood that the system 100 illustrated in
FIG. 1 and FIG. 3 are examples that could employ aspects
of the inventive the concepts disclosed herein. Accordingly,
the general disclosure and description above should not be
considered limiting in any way as to the types or sizes of
plasma arc systems that could employ the disclosed ele-
ments.

In an embodiment, the cutting system 100 can be utilized
with a support 108 (also referred to as a cutting table or
marking table illustrated in FIG. 3) that facilitates automa-
tion of the cutting operation. For instance, the support 108
can be a structure on which the workpiece is placed. In a
particular embodiment, support 108 can be a cutting table
and a gantry can be used with at least torch 114. Support 108
can include components that provide motion to at least one
of the torch 114 about the workpiece W or the workpiece W
about the torch 114. In an embodiment, a position compo-
nent (shown and discuss below) can be utilized to provide
motion to at least one of the workpiece W or torch to
perform the cutting operation to achieve the desired work-
piece. It is to be appreciated that one or more position
components can be used to provide movement to perform a
cutting or marking operation. For instance, a position com-
ponent can be used to provide at least one of an x axis
motion, a y axis motion, or a z axis motion. By way of
example and not limitation, a first position component can
be used to provide movement in an x and y axis and a second
position component can be used to provide movement in a
7 axis. The support 108 and system 100 is illustrated for
example and any suitable support 108 or system 100 can be
chosen with sound engineering judgment by one skilled in
the art without departing from the intended scope of embodi-
ments of the subject innovation.
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It is to be appreciated that the input component 110 and/or
input component 112 as illustrated can be used with at least
one of the components that comprise of the plasma or
marking system 100. In particular, the input component 110
and/or the input component 112 can be an HMI to interact
with data with at least one of the welder component 102, the
automatic gas control component 104, an impulse start
component 112, a manual gas control component (not
shown), among others. In still another embodiment, each
component of the system 100 (e.g., the welder component
102, the automatic gas control component 104, an impulse
start component, a manual gas control component, and the
like), can have a respective HMI. It is to be appreciated that
these various embodiments are intended to be included
within the scope of the subject innovation.

FIG. 2 illustrates a portion of system 100 (from FIG. 1)
while performing a cutting or marking operation. FIG. 3
illustrates a cutting system with a cutting or marking table
300 that can support a workpiece for a cutting operation or
a marking operation. The cutting table 300 can be used with
the cutting system 100. The cutting systems within the scope
of this subject innovation (e.g., illustrated in at least FIGS.
1-3) can be a computer numeric control (CNC) cutting
system that provides automated control to perform a cutting
operation via machine readable instructions. It is to be
appreciated that cutting system 100 in FIG. 1, the illustration
in FIG. 2 performing the marking or cutting operation, or the
cutting system illustrated in FIG. 3, or are not to be limiting
on the subject innovation but are provided and discussed
solely for example.

Cutting systems, described herein, can perform automated
cutting operations with machine readable instructions that
include one or more geometric coordinates (e.g., X axis, y
axis, and 7 axis) and a cutting velocity to use while creating
a non-scrap edge on the desired workpiece. Such instruc-
tions can be utilized by one or more position components
that provide motion to workpiece and/or torch. For instance,
position component (discussed in more detail below in FIG.
10) can be a drive that provides motion in at least one of an
X axis, a y axis, or a Z axis.

FIG. 4 illustrates a cutting or marking system 400. System
400 includes controller 402 (e.g., integrated controller) that
provides unified control of performance of a cutting or
marking operation for a cutting or marking system illus-
trated in FIGS. 1-3. Controller 402 can be used to control
electronic communication with the cutting or marking sys-
tem 502. For instance, controller 402 can be utilized with the
welder component 102 described in FIGS. 1-3 rather than
the multiple controllers for each aspect of the cutting or
marking system. System 400 can include gantry 404 to
which controller 402 can be affixed. Implement 406 can
move in 3 dimensional (3D) space such as about the z axis,
the y axis, and the x axis via a position component (dis-
cussed in more detail below in FIG. 10). Workpiece is
supported by cutting table 408. As depicted, controller 402
can control motion of implement 406 (e.g., z axis motion, X
axis motion, and/or y axis motion), gas selection and control
from gas source 414, power supply 410, and/or communi-
cations (e.g., communications between controller 402 and
power supply 410, communications between controller 402
and HMI 412, among others). Controller 402 can further
communicate wirelessly, wired, or a combination thereof
with at least one of a network, a subnetwork, power supply
410, HMI 412, a drive (e.g., position component) that
controls motion (e.g., Z axis, X axis, y axis), gas selection and
control, a valve, a transducer, a switch, an external drive
interface, implement 406, among others.
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By way of example and not limitation, implement 406 can
be a torch, a routing blade, a tool, a cutting tool, a blade, a
welder, an implement used with a plasma cutting or marking
operation, an implement used with a laser cutting or marking
operation, an implement used with a waterjet cutting or
marking operation, and the like. Power source 410 can
supply a portion of power to perform the cutting operation
with a cutting or marking technique (e.g., plasma, waterjet,
laser, routing, among others). For instance, in a plasma
cutting technique, power source 410 can supply power for at
least one of motion of implement 406, control of the plasma
cutting operation, control of supply of a gas, a voltage output
to implement 406, a current output to implement 406, a heat
source output to implement 406, and the like

Controller 402 integrates power control, gas selection and
control (for plasma cutting operation), height control, and
motion control. Controller 402 can be configured to set
operating parameters for a cutting or marking operation
based on material type, material thickness, and/or shape/
contour (e.g., a desired shape profile for the workpiece or a
contour for the workpiece) of the desired workpiece. Con-
troller 402 can manage parameters related to the cutting or
marking operation such as, but not limited to, current,
implement 406 height (e.g., torch height), voltage, plasma
gas and pressure (for plasma cutting operation), shield gas
and pressure (for plasma cutting operation), water pressure
(for waterjet operation), mixture of water and abrasive
substance (for waterjet operation), among others. It is to be
appreciated that each cutting or marking operation such as,
but not limited to, plasma, waterjet, laser, milling, grinding,
and the like can include respective parameters that can be
adjusted by controller 402.

Controller 402, having integrated control for process
related parameters and motion related parameters, can uti-
lize algorithms based on motion to further improve cut or
mark performance and quality such as adjusting current
and/or gas profiles during the operation. In particular, based
on the desired workpiece being cut or marked, the process
related parameters and motion related parameters can be
dynamically adjusted.

Controller 402 can be affixed to gantry 404. By affixing
controller 402 in close proximity to implement 406 (also
referred to as torch), gas volume between controller 402 and
implement 406 are reduced which improves responsiveness
and/or cycle times to create the desired workpiece. Control-
ler 402 can utilize one or more deterministic communication
protocols such as, but not limited to, an Ethernet, a serial real
time communication system (Sercos), a controller area net-
work (CAN), a network, a LAN, a WLAN, a wireless
network, and the like. For instance, controller 402 can utilize
a deterministic communication protocol to control power
signals to one or more power supplies such as power supply
410.

HMI 412 can be utilized to receive a user input. It is to be
appreciated that HMI 412 can be a human machine interface
(HMI) and is also referred to as input component. HMI 412
can be configured to receive a user input associated with a
parameter to perform the cutting or marking operation. HMI
412 can be in wired or wireless communication with con-
troller 402. The HMI 412 can be a stand-alone component
(as depicted), incorporated into power supply 410, incorpo-
rated into controller 402, or a combination thereof.

For instance, HMI 412 (e.g., input component) can
receive at least one of a thickness of the workpiece, a
material type of the workpiece or a cutting velocity, a shape
of the desired workpiece, a geometric coordinate of the
desired workpiece, a contour of the desired workpiece,
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among others. In an embodiment, HMI 412 (e.g., input
component) can receive a user input and/or an electronic
signal representative of the user input. Further, HMI 412
(e.g., input component) can communicate the user input
and/or electronic signal representative of the user input.

HMI 412 (e.g., input component) can communicate data
representative of a user input to cutting system 400 with a
wired signal, wireless signal, or a combination thereof. For
example, HMI 412 (e.g., input component) can be, but is not
limited to being, a pendant, a controller, and the like. In such
example, the pendant or the controller can be a wireless
connection or a wired connection to communicate with
cutting system 400. It is to be appreciated that HMI 412
(e.g., input component) can transmit and/or receive data to
and from cutting system 400 via wired connection, a wire-
less connection, and/or a combination thereof.

In an embodiment, at least one of a program, a nest, a set
of machine readable instructions, a cutting profile, a lead in
profile, a lead out profile, a geometric coordinate, a shape
contour, a desired workpiece contour, and the like, can be
directly downloaded to controller 402. For instance, a com-
munication port can be incorporated into controller 402 that
allows for data communications. In a particular embodi-
ment, the communication port can be a USB port that allows
data to be directly received at controller 402. In another
embodiment, the communication port can be a wireless
interface device that allows controller 402 to communicate
with a network, a wireless network, among others. In still
another embodiment, the communication port can be a wired
connection that allows communication with controller 402.
For instance, controller 402 can download machine readable
instructions related to a desired workpiece contour. Control-
ler 402 can further, for example, upload data via the com-
munication port to a source, wherein the source can be, but
is not limited to, a network, a hard drive, a storage device,
a memory, and the like.

For example, to achieve a desired workpiece, the cutting
operation is to be performed with a particular pattern, shape,
or dimension, wherein the desired workpiece is defined with
one or more geometric coordinates. Moreover, to achieve the
desired workpiece upon completion of the cutting operation,
a cutting velocity is defined at which to maintain during the
cutting operation (e.g., from a start point to an end point).
For a cutting operation to achieve the desired workpiece, a
lead in and a lead out is used with the cutting operation. The
cutting operation can include a cutting profile that is defined
as one or more geometric coordinates related to the desired
workpiece and a cutting velocity to perform the cutting
operation. For example, the cutting profile can include
geometric coordinates from a start of the cutting operation
through to the end of the cutting operation, wherein geo-
metric coordinates define a start location of a first movement
of cutting system 400, an end location of the last movement
of cutting system 400, a start point where a non-scrap edge
is created during the cutting operation, an end point were the
last non-scrap edge is created, among others. The cutting
profile defines movement from the start location of the
cutting operation to the end location of the cutting operation.
The cutting profile utilizes the cutting velocity between the
start point and the end point to create the desired workpiece.
By way of example and not limitation, the cutting profile can
be machine readable instructions, a portion of a program, a
portion of computer code, a set of instructions, a portion of
data that can be compiled into a program, and the like.
Moreover, controller 402 can create and utilize the cutting
profile.
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Controller 402 can receive, create, and utilize one or more
geometric coordinates to provide motion to allow creation of
the desired workpiece. The one or more geometric coordi-
nates for the desired workpiece can relate to at least one of
an X axis, a y axis, and/or a z axis. Controller 402 can be
future configured to receive the one or more coordinates via
a user, a computer, a data base, a network, a server, among
others. In an embodiment, controller 402 can be configured
to create a portion of the cutting profile. In an example, a
user can create a cutting profile. In another example, a
cutting profile can be stored upon completion and accessed
for use with a cutting operation performed at a later time. In
still another example, a user can utilize controller 402 to
access a cutting profile and edit such cutting profile to tailor
for a desired workpiece. It is to be appreciated that the
cutting profiles, geometric coordinates, and the like can be
created, received, and/or accessed via at least one of con-
troller 402, a network, a server, the Internet, a data base, a
hard drive, a memory, an external harddrive, a computer, and
the like

Controller 402 can further control internal and/or external
drives. Controller 402 can include an internal drive. Con-
troller 402 can further include an external drive interface.
Controller 402 can control an external drive via a determin-
istic communication protocols such as, but not limited to, an
Ethernet, a serial real time communication system (Sercos),
a controller area network (CAN), a network, a LAN, a
WLAN, a wireless network, and the like.

Based on at least the above, controller 402 provides
improved cycle times, improved operation quality (e.g.,
improved cut quality of desired workpieces with complex
shapes or contours), and/or minimal system complexity with
connectivity or connections (e.g., consolidation of multiple
controllers and interconnections to controller 402).

FIG. 5 illustrates an embodiment of controller 402 in
accordance with the subject innovation. Controller 402 can
be an integrated controller that integrates process related
control with motion related control for a cutting system 502
or a marking system. It is to be appreciated that controller
402 is solely for example and is not to be limiting on the
subject innovation.

Controller 402 can include processor 504 that manages
motion control, gas selection, gas control, height control,
and process control (e.g., sequencing of gas, current, volt-
age, travel speed, and the like). Controller 402 further
includes communications 506 (e.g., comms), gas control
508, internal drives and/or drive interface 510, and input/
output 512. For example, input/output 512 can be feedback
signals and/or control signals (e.g., machine readable
instructions discussed below).

In an embodiment, controller 402 can manage one or
more power supplies. For instance, each power supply can
be configured for a particular power output and controller
402 can utilize one or more of the power supplies based on
a desired power need. In another embodiment, a particular
current output can be desired by controller 402 in which one
or more power supplies are utilized to reach the particular
current output. For instance, a first power supply can provide
100 amp and a second power supply can provide 300 amp,
wherein controller 402 can utilize the first power supply for
100 amp demands and utilize the second power supply for
300 amp demands. Still further, controller 402 can combine
and use first power supply and second power supply to
achieve a 400 amp demand.

In an embodiment, the operation is at least one a laser
operation, a waterjet operation, or a milling operation. In an
embodiment, the process is a plasma operation. In an
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embodiment, the consumable control for the operation is gas
selection and the process control includes a sequencing of at
least one of a gas, a current, or a voltage. In an embodiment,
the process control includes a sequence of the height control
and the motion control.

In an embodiment, the following is provided the height
control is a set of machine readable instructions for a drive
that controls a motion in a z axis; the consumable control is
a set of machine readable instructions for at least one of a
pressure transducer, a proportional valve, or a solenoid valve
related to a gas selection for the operation; the motion
control is a set of machine readable instructions for a drive
that controls at least one of a motion in an x axis about the
workpiece, a motion in a'y axis about the workpiece, a travel
speed, a lead in, or a lead out and a process control for the
operation is a set of machine readable instructions for
sequencing at least one of a gas used with the operation, a
current for the operation, or a voltage of the operation.

In an embodiment, the parameter is a desired shape profile
for the workpiece or a contour for the workpiece. In an
embodiment, the parameter is at least one of a thickness of
the workpiece, or a material type of the workpiece or a
cutting velocity. In an embodiment, the input component is
further configured to communicate the user input wirelessly
to the controller. In an embodiment, the input component is
incorporated into the power supply. In an embodiment, the
controller is affixed to the gantry.

In an embodiment, controller further includes at least one
of the following: a first communication component that
receives data for the controller from at least one of a drive
that controls a motion in a z axis, a pressure transducer, a
proportional valve, a solenoid valve, a drive that controls a
motion in an X axis, a drive that controls motions in a 'y axis,
or the power supply of the operation; or a second commu-
nication component that transmits data from the controller to
at least one of a drive that controls a motion in a z axis, a
pressure transducer, a proportional valve, a solenoid valve,
a drive that controls a motion in an x axis, a drive that
controls motions in a y axis, or the power supply of the
operation.

In an embodiment, at least one of the first communication
component or the second communication component is at
least one of an Ethernet, a serial real time communication
system (Sercos), a controller area network (CAN), a net-
work, a LAN, a WLAN, or a wireless network.

In an embodiment, the controller is further configured to
generate an updated machine readable instruction for at least
one of the height control, the consumable control, the
motion control, or the process control, wherein the updated
machine readable instruction is based on a dynamic moni-
toring of the operation. For instance, a setting, parameter, or
variable associated with a cutting or marking operation can
be monitored which can allow an adjustment of the cutting
or marking operation. In general, feedback (e.g., a feedback
signal, a portion of data, etc.) can be received from the
cutting or marking operation in which the controller can
dynamically adjust to compensate. For instance, the feed-
back can be related to a state or a cutting parameter such as,
but not limited to, a voltage, an x axis coordinate, a y axis
coordinate, a z axis coordinate, a current, a height, a mea-
surement of a workpiece, a travel speed, a thickness of the
workpiece, a temperature, among others. Feedback and
monitoring as disclosed in Assignee’s U.S. application Ser.
No. 14/079,799 filed on Nov. 14, 2013 can be utilized with
a cutting or marking system and is incorporated herein by
reference.
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In an embodiment, the controller receives a feedback of
the plasma cutting or marking operation and dynamically
adjusts a setting of the plasma cutting or marking operation,
wherein the setting is at least one of a current, a voltage, a
height of the torch, the gas flow from the gas supply, or a
sequence of one or more gases from the gas supply.

In an embodiment, the controller generates a fifth set of
machine readable instructions that control transmission of a
single unipolar high voltage impulse to initiate a pilot arc
used with the plasma cutting or marking operation. In an
embodiment, the system can include at least one power
supply that supplies a portion of power for the plasma
cutting or marking operation, wherein the controller com-
municates with the at least one power supply with a deter-
ministic communication protocol. In an embodiment, the
input component is further configured to communicate the
user input wirelessly to the controller.

In view of the exemplary devices and elements described
supra, methodologies that may be implemented in accor-
dance with the disclosed subject matter will be better
appreciated with reference to the flow charts and/or meth-
odologies, here FIG. 6. The methodologies and/or flow
diagrams are shown and described as a series of blocks, the
claimed subject matter is not limited by the order of the
blocks, as some blocks may occur in different orders and/or
concurrently with other blocks from what is depicted and
described herein. Moreover, not all illustrated blocks may be
required to implement the methods and/or flow diagrams
described hereinafter.

FIG. 6 illustrates method 600 that utilizes an integrated
controller to perform the cutting operation. Sequentially, the
following occurs as illustrated in the decision tree flow
diagram 600 of FIG. 6 which is a flow diagram 600 that
employs an integrated controller. In an embodiment, the
integrated controller can be used with a cutting operation or
a marking operation.

A portion of data related to a geometric coordinate for a
desired workpiece can be loaded (reference block 602). For
instance, a part geometry or nest can be loaded. Material
type and/or material thickness can be selected (reference
block 604). For instance, a user can select via an HMI, the
material thickness and/or material type. A determination is
made whether a hole or a contour is created with the
operation (reference block 606). If a contour is to be created
with the operation, the methodology continues to reference
block 608. If a hole is to be created with the operation, the
methodology continues to reference block 610.

The following is for a desired workpiece that is a contour.
A motion parameter can be set (reference block 608). For
instance, a tech tables contour (reference block 612) can be
used to supply or deliver the one or more motion coordi-
nates. Cut parameters can be set (reference block 614). For
example, parameters related to a plasma operation can be
set. Initiate cut motion and cutting operation parameters
(reference block 616). Based on dynamic monitoring, a look
ahead can be configured to allow dynamic adjustment on the
operation. For instance, based on dynamic monitoring, a
parameter (e.g., cut parameter) can be adjusted (reference
block 614), wherein the parameter can be related to motion
and/or cut operation (e.g., motion related control and pro-
cess related control). A determination is made whether
additional features of the desired workpiece are to be per-
formed (reference block 618). If there are not additional
features, the part or desired workpiece is complete (refer-
ence block 620). If there are additional features, the meth-
odology continues to determine whether the operation is a
hole or contour (reference block 606).
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The following is for a desired workpiece that is a hole. A
motion parameter can be set (reference block 610). For
instance, a tech tables contour (reference block 622) can be
used to supply or deliver the one or more motion coordi-
nates. Cut parameters can be set (reference block 624). For
example, parameters related to a plasma operation can be
set. Initiate cut motion and cutting operation parameters
(reference block 626). Based on dynamic monitoring, a look
ahead can be configured to allow dynamic adjustment on the
operation. For instance, based on dynamic monitoring, a
parameter (e.g., cut parameter) can be adjusted (reference
block 624), wherein the parameter can be related to motion
and/or cut operation (e.g., motion related control and pro-
cess related control). A determination is made whether
additional features of the desired workpiece are to be per-
formed (reference block 618). If there are not additional
features, the part or desired workpiece is complete (refer-
ence block 620). If there are additional features, the meth-
odology continues to determine whether the operation is a
hole or contour (reference block 606).

FIG. 7 illustrates system 700 that is representative of
conventional communications and connections with a shape
cutting system. System 700 includes multiple controllers
with various connectivity between one another which causes
delay and inaccuracies for the cutting or marking operation.
System 700 includes height controller console 702 (e.g.,
Inova console) that controls height of torch 704 during a
plasma operation, plasma console 706 to control the plasma
operation, CNC controller 708 for x axis and y axis motion,
plasma power supply 710, impulse start console 712, auto-
matic gas console 714 (that may use a manifold assembly
such as, but not limited to, 5-gang manifold 716 and/or
2-gang manifold 718), gas supply 720 (e.g., at least one of
Oxygen, H17, Air, Nitrogen, Argon, among others) managed
by the automatic gas console 714, remote component 722
(e.g., Inova Remote) that controls height controller console
702, and position component 724 (e.g., also referred to as
“positioner”) that controls movement in at least one of an x
axis, a y axis, or a z axis. It is to be appreciated that an
embodiment can include position component 724 that con-
trols movement in the z axis (e.g., height movement toward
or away from a workpiece) and a drive component 725 that
controls movement in the x axis or the y axis (e.g., horizontal
and vertical movement). Torch 704 can include torch handle
726, torch base 728, and torch head 730 to perform a cutting
or marking operation on workpiece 732 which can include
star ground 734.

FIG. 8 illustrates block diagram 800 of a plasma cutting
system. In particular, the diagram 800 can be representative
of the system 700 illustrated in FIG. 7. Diagram 800
illustrates a control architecture that utilizes multiple con-
trollers on more than one communication link. Diagram 800
includes RS422 802 and CAN comm 804. RS422 802 is
used by CNC controller 806, CNC HMI 807, height con-
troller 812 (e.g., Inova height controller), height control
HMI 816 (e.g., Inova remote HMI), plasma controller 818
(plasma console), and plasma console HMI 819. CAN
comm 804 is used by plasma controller 818 (plasma con-
sole), plasma console HMI 819, gas controller 803, gas
console 820 (gas console HMI), power supply 822, a mani-
fold assembly such as, but not limited to, 5-gang gas valve
assembly 824, and 2-gang gas valve assembly 826. CNC
controller 806 can include CNC HMI 807 that is configured
to communicate data and/or input/output for the CNC con-
troller 806. Gas controller 803 can include gas console HMI
802 that is configured to communicate data and/or input/
output for the gas controller 803. Plasma console 818 can
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include plasma console HMI 819 that is configured to
communicate data and/or input/output for the plasma con-
sole 818. Height control 812 can include height control HMI
816 that is configured to communicate data and/or input/
output for the height control 812. It is to be appreciated that
any suitable gas vavle assembly or manifold assembly can
be used with the subject innovation and a 5-gang gas valve
assembly or a 2-gang gas valve assembly is not to be
limiting on the subject innovation. CNC controller 806 can
control x axis motion 808 and y axis motion 810, for
example. Height controller 812 (e.g., Inova height control-
ler) can control z axis motion 814, for example.

FIG. 9 illustrates a cutting system 900 in accordance with
the subject innovation. System 900 can include controller
402 that communicates and/or receives data to control a
plasma cutting or marking operation. Controller 402 can
communicate with one or more power supplies via deter-
ministic communication protocol 902. For instance, deter-
ministic communication protocol 902 can be Ethernet, CAN,
Sercos, among others. Additionally, controller 402 can man-
age one or more power supplies used to perform a cutting or
marking operation. For instance, controller 402 can control
a power supply 904 and a power supply 906. It is to be
appreciated that there can be any suitable number of power
supplies such as power supply 904, power supply 906, and
power supply N 907, where N is a positive integer. HMI 908
can communicate with controller 402 that can provide a user
input related to the cutting or marking operation. In an
embodiment, HMI 908 can communicate wirelessly with
controller 402 or with a wired connection. In particular, it is
to be appreciated that HMI 908 can be used to communicate
data and/or input/output for one or more of the following: a
position component that controls x axis motion; a position
component that controls y axis motion, a position compo-
nent that controls z axis motion; a plasma console; controller
402 that is configured to provide control for two or more of
CNC, height control, plasma control, gas control, or power
supply; a gas valve assembly; a power supply; an arc start
component; and the like.

Controller 402 can include process control and motion
control rather than utilizing multiple controllers. Controller
402 can include x axis motion 910, y axis motion 912, z axis
motion 914, gas control 916, a valve assembly or manifold
assembly such as, but not limited to, 5-gang gas valve
assembly 918, and 2-gang gas valve assembly 920. More-
over, controller 402 can provide power supply control to one
or more power supplies used with the cutting or marking
operation.

FIG. 10 illustrates a system 1000 that generates machine
readable instructions from controller 402 to perform a
cutting operation with a cutting system. System 1000
includes input component 120 (e.g., also referred to as HMI)
that can receive a user input related to the cutting or marking
operation performed on the workpiece, wherein machine
readable instructions are generated by controller 402 for two
or more of the following: position component 1006; gas
control 916; power supply 904; and arc start component
1008. For example, input component 120 is configured to
receive a user input associated with a parameter to perform
the operation (e.g., cutting operation, marking operation,
and the like). The parameter can be, but is not limited to
being, a desired shape profile for the workpiece, a contour
for the workpiece, a hole shape for the workpiece, a thick-
ness of the workpiece, a material type of the workpiece, a
cutting velocity, a waveform, a voltage, a current, a torch
height, and the like. Input component 120 can be a stand-
alone component (as depicted), incorporated into controller
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402, incorporated into power supply 904, incorporated into
gas control 916, incorporated into arc start component 1008,
or a combination thereof. Moreover, input component 120
can communicate data with controller 402 via a wired
connection, a wireless connection, or a combination thereof.
It is to be appreciated that arc start component 1008 can be
a stand-alone component (as depicted), incorporated into
power supply 904, or a combination thereof. In other words,
power supply 904 can include components to provide arc
starting. Use of arc start component 1008 is solely for
example and any suitable arc start technique can be selected
and used by one of sound engineering judgment and/or
ordinary skill without departing from the scope of the
subject innovation. For example, arc start can be done with
high frequency, impulse start, high end system, contact
starting, and the like.

Controller 402 can generate one or more machine read-
able instructions for use to perform a cutting or marking
operation on a workpiece. It is to be appreciated that the one
or more machine readable instructions can be, but is not
limited to being, a program, a portion of data, a packet of
data, a portion of code, a portion of program, an executable,
and the like. Controller 402 can communicate data with at
least one of position component 1006, gas control 916,
power supply 904, arc start component 1008, among others.
Data communication from controller 402 can include
machine readable instructions that are used by various
components (e.g., position component 1006, gas control
916, power supply 904, arc start component 1008, among
others) to perform the cutting or marking operation.

As discussed, controller 402 can generate machine read-
able instructions that are communicated to perform a cutting
or marking operation on the workpiece. Controller 402
generates first set of machine readable instructions 1010 that
control an x axis motion of the torch with position compo-
nent 1006. Controller 402 generates second set of machine
readable instructions 1012 that control a y axis motion of the
torch with position component 1006. Controller 402 gener-
ates third set of machine readable instructions 1014 that
control a z axis motion of the torch with position component
1006. Controller 402 generates fourth set of machine read-
able instructions 1016 that control a gas flow from a gas
supply (e.g., via gas control 916) of the plasma cutting or
marking operation, wherein gas control 916 includes man-
agement of a valve assembly such as, but not limited to a
S-gang gas valve assembly for a shield gas, management of
a valve assembly such as, but not limited to a 2-gang gas
valve assembly for a plasma gas, and a management of a
sequence of distribution of the shield gas and the plasma gas
and venting of the plasma gas. It is to be appreciated that gas
control 916 can control any suitable number of valve assem-
blies and control of a 2-gang valve assembly and a 5-gang
valve assembly is used as a non-limiting example. Control-
ler 402 generates fifth set of machine readable instructions
1020 that control transmission of a single unipolar high
voltage impulse to initiate a pilot arc (via arc start compo-
nent 1008) used with the plasma cutting or marking opera-
tion. Controller 402 generates sixth set of machine readable
instructions 1018 that control one or more power supply
904. Although one power supply 904 is illustrated, any
suitable number of power supplies can be utilized and
controlled by machine readable instructions 1018 generated
by controller 402.

Controller 402 communicates at least one of first set of
machine readable instructions 1010, second set of machine
readable instructions 1012, third set of machine readable
instructions 1014, fourth set of machine readable instruc-
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tions 1016, fifth set of machine readable instructions 1020,
or sixth set of machine readable instructions 1018, to per-
form the plasma cutting or marking operation with the torch
based on at least the user input.

It is to be appreciated that although position component
1006 is illustrated, that any suitable number of position
components can be utilized to provide movement to a torch
or implement used with the cutting or marking operation.
position component can actuate motion of a torch or imple-
ment to perform the cutting operation to achieve the desired
workpiece. In an embodiment, there can be any suitable
number of position components 1006 to perform axis of
motion and/or multiple axis of motion. In a particular
embodiment, there can be a first position component to
perform x axis motion, a second position component to
perform y axis motion, a third position to perform z axis
motion, and the like. In another embodiment, position com-
ponent 1006 can perform x axis motion and y axis motion
and a second position component can perform z axis motion.
In still another embodiment, position component 1006 can
perform x axis motion, y axis motion, and z axis motion.

In addition, controller 402 can receive a feedback signal
that can be used by controller 402 to dynamically adjust a
parameter or setting related to the cutting or marking opera-
tion on the workpiece. For instance, each of at least one of
position component 1006, gas control 916, power supply
904, or arc start component 1008 can transmit one or more
feedback signal. By way of example and not limitation, a
feedback signal for a component used with the cutting or
marking operation can be communicated to controller 402,
wherein controller 402 uses such feedback signal to dynami-
cally adjust the cutting or marking operation (e.g., based on
a change of a parameter, a setting, among others). It is to be
further appreciated that one or more feedback signals can be
requested by controller 402. In another embodiment, one or
more feedback signals can be periodically communicated to
controller 402 based on a duration of time or an event that
occurs with the cutting or marking operation. In general, one
or more feedback signals can be communicated to controller
402 to allow adjustment of a parameter or a setting associ-
ated with the cutting or marking operation in real time.

For instance, position control component 1006 can com-
municate one or more feedback signals 1022 related to at
least motion or location such as, but not limited to, at least
one of X axis motion, y axis motion, or z axis motion. In
another embodiment, position control component 1006 can
communicate a feedback signal for each axis of motion. One
or more feedback signals 1022 can include data related to a
position or location (e.g., in an X axis, a y axis, or a z axis)
of a torch used with the cutting or marking operation. One
or more feedback signals 1022 can be received by controller
402 to be used with dynamic control of the cutting or
marking operation.

In another example, gas control 916 can communicate one
or more feedback signals 1024 related to management of gas
supply to perform the cutting or marking operation. For
instance, one or more feedback signals 1024 can be related
to a valve assembly, a gas valve assembly, a manifold
assembly, an assembly, a 2-gang valve assembly, a 5-gang
valve assembly, a supply of gas, a pressure level of a gas, a
flow rate of a gas, a pressure transducer, a solenoid valve, a
proportional valve, a temperature of a gas, a sequence of gas
delivery, an amount of time a gas is delivered, an amount of
gas that is delivered, among others. One or more feedback
signals 1024 can be received by controller 402 to be used
with dynamic control of the cutting or marking operation.
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In still another example, power supply 904 can commu-
nicate one or more feedback signals 1026 related to one or
more power supplies. For instance, one or more feedback
signals 1026 can be a voltage, a current, a power output, a
wattage, a fault condition, an error code, an alert, a notifi-
cation, among others. One or more feedback signals 1026
can be received by controller 402 to be used with dynamic
control of the cutting or marking operation.

In yet another example, arc start component 1008 can
communicate one or more feedback signals 1028 related to
a parameter associated with arc ignition for the cutting or
marking operation. For instance, one or more feedback
signals 1028 can relate to a waveform, a voltage, a unipolar
high voltage impulse, an arc, a parameter of the arc, a
duration of time for ignition, among others. One or more
feedback signals 1028 can be received by controller 402 to
be used with dynamic control of the cutting or marking
operation.

Upon receipt of at least one of the one or more feedback
signals 1022, 1024, 1026, 1028, controller 402 can generate
an additional machine readable instruction to adjust the
cutting operation based on an evaluation of such one or more
feedback signals 1022, 1024, 1026, 1028. For instance, one
or more feedback signals 1022, 1024, 1026, 1028 can be
compared to a respective threshold and if not within the
respective threshold, the additional machine readable
instruction can be used with at least one of position com-
ponent 1006, gas control 916, power supply 904, arc start
component 1008, among others to compensate accordingly.

Controller 402 can include first communication compo-
nent 1002 and second communication component 1004 to
handle receiving and/or transmitting data. It is to be appre-
ciated that first communication component 1002 can be
incorporated into controller 402 (as depicted), a stand-alone
component, or a combination thereof. It is also to be
appreciated that second communication component 1004
can be incorporated into controller 402 (as depicted), a
stand-alone component, or a combination thereof. First
communication component 1002 can be configured to
receive data for controller 402, wherein such data can be a
feedback signal, a control signal, an alert, a notification, a
data packet, a user input, among others. Second communi-
cation component 1004 can be configured to transmit data
from controller 402 to at least one of position component
1006, gas control 916, power supply 904, arc start compo-
nent 1008, among others. It is to be appreciated that although
first communication component 1002 is described as han-
dling receiving data for controller 402 and second commu-
nication component 1004 is described as handling transmit-
ting data from controller 402, that a single communication
component can be utilized with the subject innovation. In
general, controller 402 can include any suitable number of
communication components to handle transmitting data and/
or receiving data and such example is not to be seen as
limiting on the subject innovation.

FIG. 11 illustrates method 1100 that generates machine
readable instructions to perform a cutting or marking opera-
tion. As discussed above, the term cutting operation is
intended to include a marking operation on a workpiece. In
general, the method 1100 can be utilized in which a portion
of scrap is removed from a workpiece. Sequentially, the
following occurs as illustrated in the decision tree flow
diagram 1100 of FIG. 11 which is a flow diagram 1100 that
generates machine readable instructions that are used in
performing an operation that removes scrap from a work-
piece and, in particular, a cutting or marking operation of a
workpiece.
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A thickness of a workpiece, a type of material of the
workpiece for a cutting operation, a start location for the
cutting operation, and a desired shape of for the workpiece
can be received (reference block 1110). Machine readable
instructions that include two or more of x axis motion
control, y axis motion control, z axis motion control, gas
control, power source control, and arc ignition control for
the cutting operation can be generated (reference block
1120).

Machine readable instructions associated with the x axis
motion control, y axis motion control, and z axis motion
control can be communicated to a position component
(reference block 1130). As discussed above, a position
component can actuate motion of a torch or implement to
perform the cutting operation to achieve the desired work-
piece. In an embodiment, there can be any suitable number
of position components to perform axis of motion and/or
multiple axis of motion. In a particular embodiment, there
can be a first position component to perform x axis motion,
a second position component to perform y axis motion, a
third position to perform z axis motion, and the like. In
another embodiment, a position component can perform x
axis motion and y axis motion and a second position
component can perform z axis motion. In still another
embodiment, a position component can perform x axis
motion, y axis motion, and z axis motion.

Machine readable instructions associated with gas control
can be communicated to control at least one of a valve or a
sequence of gas delivery (reference block 1140). For
instance, gas delivery can be used to perform the cutting or
marking operation and the sequence of delivery can be based
on machine readable instructions generated. In another
embodiment, machine readable instructions associated with
power source control can be communicated to one or more
power sources. In still another embodiment, machine read-
able instructions associated with arc ignition control can be
communicated to an arc start component that ignites an arc
to perform the cutting or marking operation.

The cutting operation can be performed on the workpiece
to achieve the desired shape based on the machine readable
instructions generated (reference block 1150). In an embodi-
ment, the machine readable instructions are generated by a
controller.

It is to be appreciated that a method, for example, method
1100, can include receiving a feedback signal (e.g., a portion
of data, an electronic signal, a packet of data, a digital signal,
an analog signal). For instance, the feedback signal can be
from at least one of a position component, a gas control, a
power source, an arc start component, a valve, an assembly,
a valve assembly, a manifold assembly, a 2-gang valve
assembly, a 5-gang valve assembly, a pressure transducer,
and the like. As discussed above, a feedback signal is data
(e.g., a signal, a portion of data, a packet of data, an analog
signal, a digital signal, and the like) that is representative of
a state or parameter related to the cutting operation or a
component that is used to perform the cutting operation or
with performing the cutting operation (e.g., a position com-
ponent, a gas control, a power source, an arc start compo-
nent, a camera, an image device, a movement sensor, an
audio sensor, a light sensor, a voltage sensor, a current
sensor, a temperature sensor, a gas flow sensor, a pressure
sensor, and the like).

In an embodiment, a feedback signal can be received by
a controller, wherein the controller generates the two or
more machine readable instructions as discussed above.

While the embodiments discussed herein have been
related to the systems and methods discussed above, these
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embodiments are intended to be exemplary and are not
intended to limit the applicability of these embodiments to
only those discussions set forth herein. The control systems
and methodologies discussed herein are equally applicable
to, and can be utilized in, systems and methods related to arc
welding, laser welding, brazing, soldering, plasma cutting,
waterjet cutting, laser cutting, and any other systems or
methods using similar control methodology, without depart-
ing from the spirit of scope of the above discussed inven-
tions. The embodiments and discussions herein can be
readily incorporated into any of these systems and method-
ologies by those skilled in the art.

The above examples are merely illustrative of several
possible embodiments of various aspects of the present
invention, wherein equivalent alterations and/or modifica-
tions will occur to others skilled in the art upon reading and
understanding this specification and the annexed drawings.
In particular regard to the various functions performed by
the above described components (assemblies, devices, sys-
tems, circuits, and the like), the terms (including a reference
to a “means”) used to describe such components (e.g., HMI,
position component, controller, gas control, power supply,
arc start component, input component, etc.) are intended to
correspond, unless otherwise indicated, to any component,
such as hardware, software, or combinations thereof, which
performs the specified function of the described component
(e.g., that is functionally equivalent), even though not struc-
turally equivalent to the disclosed structure which performs
the function in the illustrated implementations of the inven-
tion. In addition although a particular feature of the inven-
tion may have been disclosed with respect to only one of
several implementations, such feature may be combined
with one or more other features of the other implementations
as may be desired and advantageous for any given or
particular application. Also, to the extent that the terms
“including”, “includes”, “having”, “has”, “with”, or variants
thereof are used in the detailed description and/or in the
claims, such terms are intended to be inclusive in a manner
similar to the term “comprising.”

This written description uses examples to disclose the
invention, including the best mode, and also to enable one of
ordinary skill in the art to practice the invention, including
making and using any devices or systems and performing
any incorporated methods. The patentable scope of the
invention is defined by the claims, and may include other
examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims
if they have structural elements that are not different from
the literal language of the claims, or if they include equiva-
lent structural elements with insubstantial differences from
the literal language of the claims.

The best mode for carrying out the invention has been
described for purposes of illustrating the best mode known
to the applicant at the time. The examples are illustrative
only and not meant to limit the invention, as measured by the
scope and merit of the claims. The invention has been
described with reference to preferred and alternate embodi-
ments. Obviously, modifications and alterations will occur to
others upon the reading and understanding of the specifica-
tion. It is intended to include all such modifications and
alterations insofar as they come within the scope of the
appended claims or the equivalents thereof.

What is claimed is:
1. A system for cutting or marking a workpiece, compris-
ing:
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an implement that performs an operation, wherein the
operation is at least one of a cutting of the workpiece
or a marking of the workpiece;

a gantry,

a table that supports the workpiece;

a power supply;

an input component that is configured to receive a user

input associated with a parameter to perform the opera-
tion;

a controller that is configured to provide the following:

a height control for the implement that manages a
motion toward the workpiece or away from the
workpiece;

a consumable control for the operation;

a power control to the power supply for the operation;

a motion control for the implement that manages a
motion about the workpiece; and

a process control for a sequencing of at least one of the
height control, the consumable control, the power
control, and the motion control for the operation.

2. The system of claim 1, wherein the operation is at least
one a laser operation, a waterjet operation, or a milling
operation.

3. The system of claim 1, wherein the operation is a
plasma operation.

4. The system of claim 3, wherein the consumable control
for the operation is gas selection and the process control
includes a sequencing of at least one of a gas, a current, or
a voltage.

5. The system of claim 3, wherein the process control
includes a sequence of the height control and the motion
control.

6. The system of claim 3, further comprising:

the height control is a set of machine readable instructions

for a drive that controls a motion in a z axis;

the consumable control is a set of machine readable

instructions for at least one of a pressure transducer, a

proportional valve, or a solenoid valve related to a gas
selection for the operation;

the power control is a set of machine readable instructions

for the power supply;

the motion control is a set of machine readable instruc-

tions for a drive that controls at least one of a motion

in an X axis about the workpiece, a motion in a y axis
about the workpiece, a travel speed, a lead in, or a lead
out;

the process control includes a set of machine readable

instructions for sequencing at least one of a gas used

with the operation, a current for the operation, or a

voltage of the operation; and

the controller communicates with the drive that controls

the motion in the z axis, the drive that controls the
motion in an X axis, the drive that controls the motion
in a 'y axis, and at least one of the pressure transducer,
the proportional valve, or the solenoid valve related to
the gas selection, wherein the controller communicates
without an RS422 Comm.

7. The system of claim 1, wherein the parameter is a
desired shape profile for the workpiece or a contour for the
workpiece.

8. The system of claim 1, wherein the parameter is at least
one of a thickness of the workpiece, or a material type of the
workpiece or a cutting velocity.

9. The system of claim 1, the input component is further
configured to communicate the user input wirelessly to the
controller.
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10. The system of claim 9, wherein the input component
is incorporated into the power supply.
11. The system of claim 1, wherein the controller is
affixed to the gantry.
12. The system of claim 1, the controller further includes
at least one of the following:
a first communication component that receives data for
the controller from at least one of a drive that controls
a motion in a z axis, a pressure transducer, a propor-
tional valve, a solenoid valve, a drive that controls a
motion in an X axis, a drive that controls motions in a
y axis, or the power supply of the operation; or

a second communication component that transmits data
from the controller to at least one of a drive that
controls a motion in a z axis, a pressure transducer, a
proportional valve, a solenoid valve, a drive that con-
trols a motion in an X axis, a drive that controls motions
in a y axis, or the power supply of the operation.

13. The system of claim 12, at least one of the first
communication component or the second communication
component is at least one of an Ethernet, a serial real time
communication system (Sercos), a controller area network
(CAN), a network, a LAN, a WLAN, or a wireless network.

14. The system of claim 1, the controller is further
configured to generate an updated machine readable instruc-
tion for at least one of the height control, the consumable
control, the motion control, the power control, or the process
control, wherein the updated machine readable instruction is
based on a dynamic monitoring of the operation.

15. A system that performs a plasma cutting or marking
operation on a workpiece, comprising:

a gantry,

a torch;

a table that supports the workpiece;

an input component that is configured to receive a user

input associated with a parameter to perform the
plasma cutting or marking operation, wherein the
parameter is at least one of a desired shape profile for
the workpiece, a thickness of the workpiece, a material
type of the workpiece, or a cutting velocity;

a housing that includes a controller;

the controller generates a first set of machine readable

instructions that control an x axis motion of the torch
with a position component;

the controller generates a second set of machine readable

instructions that control a y axis motion of the torch
with the position component;

the controller generates a third set of machine readable

instructions that control a z axis motion of the torch
with the position component;

the controller generates a fourth set of machine readable

instructions that control a gas flow from a gas supply of
the plasma cutting or marking operation, wherein the
gas control includes management of a gas valve assem-
bly for a shield gas, management of a gas valve
assembly for a plasma gas, and a management of a
sequence of distribution of the shield gas and the
plasma gas and venting of the plasma gas; and

the controller communicates at least one of the first set of

machine readable instructions, the first set of machine
readable instructions, the second set of machine read-
able instructions, the third set of machine readable
instructions, or the fourth set of machine readable
instructions to perform the plasma cutting or marking
operation with the torch based on the parameter.

16. The system of claim 15, wherein the controller
receives a feedback signal of the plasma cutting or marking
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operation and dynamically adjusts a setting of the plasma
cutting or marking operation, wherein the setting is at least
one of a current, a voltage, a height of the torch, the gas flow
from the gas supply, or a sequence of one or more gases from
the gas supply.

17. The system of claim 15, wherein the controller gen-
erates a fifth set of machine readable instructions that control
transmission of a single unipolar high voltage impulse to
initiate a pilot arc used with the plasma cutting or marking
operation.

18. The system of claim 15, further comprising:

at least one power supply that supplies a portion of power

for the plasma cutting or marking operation, wherein
the controller communicates with the at least one power
supply with a deterministic communication protocol;
and

the controller generates an additional set of machine

readable instructions that control a supply of from the
at least one power supply.

19. The system of claim 15, wherein the input component
is further configured to communicate the user input wire-
lessly to the controller.

20. A system that performs a plasma cutting or marking
operation on a workpiece, comprising:

a workpiece;

a gantry,

a torch;

a table that supports the workpiece;

means for receiving a user input associated with a param-

eter to perform the plasma cutting or marking opera-
tion, wherein the parameter is at least one of a desired
shape profile for the workpiece, a thickness of the
workpiece, a material type of the workpiece, or a
cutting velocity;

a housing that includes a controller;

the controller generates a first set of machine readable

instructions that control an x axis motion of the torch
with a position component;

the controller generates a second set of machine readable

instructions that control a y axis motion of the torch
with the position component;

the controller generates a third set of machine readable

instructions that control a z axis motion of the torch
with the position component;

the controller generates a fourth set of machine readable

instructions that control a gas flow from a gas supply of
the plasma cutting or marking operation, wherein the
gas control includes management of a gas valve assem-
bly for a shield gas, management of a gas valve
assembly for a plasma gas, and a management of a
sequence of distribution of the shield gas and the
plasma gas and venting of the plasma gas; and
means for communicating at least one of the first set of
machine readable instructions, the first set of machine
readable instructions, the second set of machine read-
able instructions, the third set of machine readable
instructions, or the fourth set of machine readable
instructions to perform the plasma cutting or marking
operation with the torch based on the parameter.

21. A system that performs a plasma cutting or marking
operation on a workpiece, comprising:

a gantry,

a torch;

a table that supports the workpiece;

means for receiving a user input associated with a param-

eter to perform the plasma cutting or marking opera-
tion, wherein the parameter is at least one of a desired
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shape profile for the workpiece, a thickness of the
workpiece, a material type of the workpiece, or a
cutting velocity;

a housing that includes a controller;

the controller generates a first set of machine readable
instructions that control an x axis motion of the torch
with a position component;

the controller generates a second set of machine readable
instructions that control a y axis motion of the torch
with the position component;

the controller generates a third set of machine readable
instructions that control a z axis motion of the torch
with the position component;

the controller generates a fourth set of machine readable
instructions that control a gas flow from a gas supply of
the plasma cutting or marking operation, wherein the
gas control includes management of a gas valve assem-
bly for a shield gas, management of a gas valve
assembly for a plasma gas, and a management of a
sequence of distribution of the shield gas and the
plasma gas and venting of the plasma gas; and

means for communicating at least one of the first set of
machine readable instructions, the first set of machine
readable instructions, the second set of machine read-
able instructions, the third set of machine readable
instructions, or the fourth set of machine readable
instructions to perform the plasma cutting or marking
operation with the torch based on the parameter.
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